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Abstract 
According to the deficiency of traditional Fourier transform in faults diagnosis during the early period, the paper puts 
forward a new method to detect the abrupt change signal in the stator current based on wavelet module maximum 
theory. Simulation results show that the designed method can detect and locate the early faults even with trivial 
characteristic quickly and accurately. 
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1. Introduction 
Frequency converter sets are the main equipment of dispensing power device in a certain antiaircraft 
missile weapon system. Among all the faults in the frequency converter sets, the stator faults, such as the 
stator phase fault or interturn short circuit fault, take a high probability to happen. Usually, the faults are 
not obvious or serious in the beginning. However, the original trivial faults can grow into fatal problems 
in the end if they are not detected or obviated in time, which will eventually mangle the expensive 
frequency converter sets.  
2. Optical Fiber Fusion 
Optical fiber communication technology is a new technology with rapid development in recent 20 
years, which is a important symbol of globe new technology revolution. With incessant perfecting 
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technique and sharply falling price, the application of optical fiber become wide increasingly in 
communication field.  
The evaluation parameters of optical fiber quality include reflection loss, curvature radius, connection 
loss, dip angle migration, etc [1]. The connection loss is constituted mainly by intrinsic loss and fusion 
loss, which influence directly the transmission quality of optical fiber communication system. According 
to standard of ANSI/EIA/TIA-455-59, the maximum of luminous decay must less than 0.3 dB in the 
project of FTTx. So classification and recognition of the optical fiber fusion defects is a significant 
problem to engineers. 
3. Wavelet Transform Module Maximum Theory 
When the stator faults occur, there is always an abrupt change signal in the stator current. It is easy to 
diagnose the abrupt change signal when the fault is obviously serious, but if the fault is trivial and feeble, 
say a minority of winding being short-circuited, the signal in short circuit current is difficult to be 
differentiated. Fourier transform is an analysis method in pure frequency domain, although it can examine 
generally whether the current signal has changed abruptly, it can not locate the abrupt change signal point 
accurately due to its disability of analysis in time domain. The wavelet analysis method has an 
advantageous characteristic of localization both in frequency and time domain. It supplies an excellent 
support for the description of signal singular point. With the abrupt change signal point in the wavelet 
transform domain corresponding to the wavelet module maximum as well as the value of signal singular 
point corresponding to the changing principles of the maximum scale of wavelet module, wavelet module 
maximum theory can be used to obtain the stator faults characteristic and detect the early faults in time. 
Suppose time variation function θ(t) is smooth and continuous, as well as satisfies the follow 
condition[2]: 
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If the second differential of θ(t) exists, let the first and second differential of θ(t) be: 
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According to the allowable condition of wavelet function, ψ(1)(t) and ψ(2)(t) can both be wavelet 
function. We define a smooth and continuous function by the smooth scale a as: 
( ) 1 , 0 (3)a tt aa aθ θ= >
⎛ ⎞⎜ ⎟⎝ ⎠  
Corresponding to ψ(1)(t) and ψ(2)(t), (3) can be expressed as: 
 
( ) ( ) ( )1 11 , 0 (4)a tt aa aψ ψ= >
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For the singularity characteristic of signal, we can also use the modality of coiling product to define 
wavelet transform. The signal function is given as f(t), then its wavelet transform can be expressed as: 
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If the module value of wavelet coefficient at a certain point is no less than that of the other two near 
points, and at least it is bigger than either, then we call this module value the wavelet module maximum. 
Take equation (2) into (6), (7), then 
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It can be shown from the equations above, that Wa(1)f(t) and Wa(2)f(t) separately correspond to the 
results of the first and second differential of smooth function θa(t), which smoothes f(t) by the scale a. 
Hence, the maximum of Wa(1)f(t) accords with the fast change of f(t), and the minimum corresponds to 
the slow change. While the zero point of Wa(2)f(t) accords with both the maximum and minimum, thus 
the second differential method is not proper to detect the abrupt change signal. As a result, we prefer 
Wa(1)f(t) to Wa(2)f(t) in the fault signal extraction from stator current. 
4. The selection of Wavelet Function 
Since Gauss function has smooth and continuous characteristic, we select the first differential of Gauss 
function as the wavelet function. The equation of Gauss function and its first differential by the scale are 
as follows: 
( ) 2 2/ 21 (10)
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Fig.1(a) and Fig.1(b) show the curve of Gauss function and its first differential in time domain by the 
scale a=1;Fig.1(c) and Fig.1(d) show the curve of Gauss function and its first differential in time domain 
by the scale a=0.5. It can be seen from the figures that the bigger the scale a is, the wider the function 
curve becomes, vice versa. 
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Figure 1. Curve in time domain of θ(t) and ψ(1)(t) by different scales 
Selecting the first differential of Gauss function as the wavelet function, the maximum of its transform 
by different scales corresponds to the position of every abrupt change signal point. The smaller the scale, 
the narrower the smooth domain, and the more accurately the wavelet module maximum corresponds to 
the point of the abrupt change signal. However, the wavelet coefficient is vulnerable to be interfered with 
the noise by smaller scale, and easily leads to the false maximum point. On the contrary, by bigger scale, 
the maximum point can be relatively stable through smoothing the noise, but the smooth effect 
simultaneously causes the warp of the location. The wavelet transform caused by the abrupt change points 
can avoid commutative interference only in a proper scale, thus it is necessary to combine multitudinous 
scales to observe when we determine the abrupt change signal point in the wavelet transform module 
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maximum method. Next, for the stator short circuit faults in frequency converter sets, including phase 
faults and interturn faults, the paper extracts faults characteristic with the wavelet function selected above. 
5. The Characteristic Extraction in Fault 
The paper validates the extraction method in Matlab/Simulink. Take the synchronous motor in 
frequency converter sets as an example; the motor parameters are given [3]: 
Ra=1.9845Ω, Rf=0.057Ω, Rd=0.076Ω, Rq=0.032Ω, La=0.2632Н, Mfd=1.33Н, Lf=1.3765Н, 
Ld=1.345Н, Lq=1.3571Н, Maf=0.76Н, Mad=Maq= 1.33Н, simulation sample frequency=2500Hz, scale 
a=0.0085. 
Fig.2 shows at the time t=1s, the short circuit current and wavelet module curve of phase A when the 
stator single phase grounding short circuit fault happens in the frequency converter sets. It can be seen 
that the stator current increases when fault happens, but the increment is not obvious, while the wavelet 
module maximum appears exactly at the same time. 
 
 
Figure 2.  Fault characteristic extract when phase A is short-circuit 
 
Figure 3.  Fault characteristic extract in phase fault 
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Figure 4.  Fault characteristic extract in three phase short circuit fault 
 
Fig.3 and Fig.4 respectively show the simulation results of each, when the stator phase short circuit 
and three phase short circuit happen at the time t=1s. From the figures above, it validates the advantage of 
wavelet module maximum in detecting the position of fault point. Additionally, the worse the fault 
becomes, the more obvious the increment is, and the bigger the wavelet module maximum gets. Thus, the 
faults deterioration scale can be estimated through the comparison among different module maximum. 
6. The characteristic extraction in short circuit fault 
Among all the stator faults happened, the interturn short circuit fault occupies a high rate. However, 
the fault is difficult to be detected, especially when only minority of windings are short-circuited. 
Although the current increases when the faults happen, its value change is feeble, therefore, it is 
impossible to diagnose the fault accurately only by wavelet transform of single signal. Since when the 
interturn short circuit fault happens, both current value and current phase will change abruptly, thus, the 
paper collects these two signals and processes wavelet transform, in order to enhance the exactness of 
fault diagnosis. 
The synchronous motor parameters are as follows[4][5]: 
Rs=2.15Ω, Rr=2.33Ω, Lm=0.2025Н, Lsσ=0.0075 Н, Lrσ=0.0075Н, Jm=0.008kg·m2, Ir=7.1A, P=1, 
N=40. 
Fig.5(a), (b) and (c) respectively show the curve of phase A current, wavelet coefficient curve of phase 
A current, and instantaneous phase wavelet coefficient curve of phase A current. From Fig.5(a), it can be 
seen that the stator current increases when fault happens, but the increment is not obvious. From Fig.5(b), 
wavelet coefficient module maximum appears obviously when the fault happens at the time t=1s. From 
Fig.5(c), phase wavelet coefficient module maximum of phase A current also changes abruptly at the fault 
point. By combining the two signals, the reliability of fault diagnosis has been greatly enhanced. 
(a) stator current of phase A 
(b) wavelet coefficient of stator current 
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Figure 5.   Fault characteristic extract in interturn short circuit fault
7. Conclusion 
During the running process of frequency converter sets, the optical fiber fusion current will change 
abruptly when the faults happen. Wavelet transform can conquer the limitation of traditional Fourier 
transform in time and frequency domain. Based on wavelet module maximum theory, the paper 
successfully detects the early stator faults accurately; moreover, the comparison among different wavelet 
module maximum is made so as to get the deterioration scale of motors, which has a great application 
value in faults diagnosis of optical fiber fusion. 
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(a) stator current of phase A 
(b) wavelet coefficient of stator current 
(c) instantaneous phase wavelet coefficient of stator current 
 
